
RESEARCH ARTICLE

Celiac disease and COVID-19 in adults: A

systematic review

Parsa Amirian1☯, Mahsa ZarpooshID
1☯*, Sajjad Moradi2, Cyrus Jalili3

1 General Practitioner, Kermanshah University of Medical Science (KUMS), Kermanshah, Iran, 2 Nutritional

Sciences Department, School of Nutritional Sciences and Food Technology, Kermanshah University of

Medical Sciences, Kermanshah, Iran, 3 Medical Biology Research Centre, Health Technology Institute,

Kermanshah University of Medical Sciences, Kermanshah, Iran

☯ These authors contributed equally to this work.

* zarpooshmahsa@gmail.com, mahsa.zarpoosh@kums.ac.ir

Abstract

Background

Celiac disease (CD) is an autoimmune disease affecting around 1.4% of the total human

population. Local and systemic manifestations are described in CD. Viral infections seem to

trigger CD or even have a worse outcome in CD patients. The evidence on the relationship

between CD and coronavirus disease (COVID-19) is limited. To evaluate existing evidence

on the association between CD and COVID-19, we conducted the current systematic

review.

Methods

We systematically searched Pubmed, Scopus, and Embase databases to find articles that

reported risks or outcomes of COVID-19 in CD patients. Papers in any language published

up to November 17, 2022, were evaluated for possible inclusion. The results were analyzed

qualitatively. This study is registered with PROSPERO(CRD42022327380).

Results

We identified 509 studies by searching databases; 14 reported data on the risk or outcome

of COVID-19 in CD patients and were eligible for qualitative synthesis. We found that the rel-

ative risk of acquiring COVID-19 in CD patients may be lower than in the general population.

Approximately 90% of infected patients were treated as an outpatient, and 10% were hospi-

talized. GFD adherence and Health-related quality of life (HR-QOL) were more or less the

same before and during the pandemic. The gluten-free products (GFP) supply seems to be

plunged during the pandemic. The data on the psychological effects of the pandemic were

conflicting.

Conclusion

The risk of acquiring COVID-19 in CD patients is lower than in the general population.

Females were more likely to be infected by COVID-19, and the most common comorbidity in

infected patients was a chronic lower respiratory disease; around 10% of infected patients
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needed hospitalization, GFD adherence, and HR-QOL was more or less the same before

and during the pandemic, depression, anxiety, and stress levels of patients varied among

studies. Patients had more difficulties accessing GFPs based on limited data.

Introduction

Affecting around 1.4% of the total human population, based on serologic tests, all over the

globe, celiac disease (CD) is a common life-long disease with no curative treatment; the only

successful therapy to contain the disorder is a strict gluten-free diet (GFD) [1]. Permanent diet

restrictions, food supply chain issues, and lockdown limitations made bearing the coronavirus

disease pandemic significantly harder for CD patients and reduced their health-related quality

of life (HRQoL) [2, 3]. CD is an autoimmune disease caused by intolerance to peptide antigens

by the immune system, originating from prolamins in wheat, rye, barley, and related grains

[4]. Several local manifestations (e.g., villous atrophy, intestinal crypt hypertrophy, hikes in the

number of lymphocytes in the epithelium and lamina propria, etc.) and systemic manifesta-

tions (e.g., iron deficiency anemia, osteoporosis, neurological diseases, etc.) have been reported

in CD [5]. The CD incidence rate is growing quite rapidly; this trend cannot only be imputed

to genetic background, environmental factors such as viral infections, namely reovirus, rotavi-

rus, and enterovirus infections, can trigger CD; but the role of genetic background, especially

human leukocyte antigen (HLA) DQ2 and DQ8 should not be neglected in the activation of T

cell response to gluten peptides [5]. Coronavirus disease 2019 (COVID-19) is one the most

prominent public health emergencies in recent memory, with more than 626 million con-

firmed cases and 6.5 million deaths, and various organ-specific manifestations, including man-

ifestations in the gastrointestinal tract such as nausea, vomiting, and diarrhea [6, 7]. Despite

the efforts, most CD patients perceive that they are at a higher risk or are clueless about the

impact of COVID-19 infection on their health [8]. Therefore, to analyze the existing evidence

of the risk and outcome of COVID-19 disease on CD patients, investigating levels of adhering

to GFD (as the only accepted treatment for CD), food insecurity levels, depression, anxiety,

stress levels in CD patients, and HRQoL of CD patients in the pandemic era, we conducted the

current systematic review.

Methods

All procedures used in the current systematic review have complied with the preferred report-

ing items for systematic reviews and meta-analysis guidelines [9]. This study is registered to

PROSPERO (CRD42022327380).

Search strategy

The MEDLINE/PubMed, SCOPUS, and EMBASE databases were systematically searched first

time for published articles in any language until November 17, 2022. The search terms used

were as follows: ("COVID-19"[Mesh] OR "COVID 19"[tiab] OR "SARS-CoV-2 Infection"[tiab]

OR "2019 Novel Coronavirus Disease"[tiab] OR "2019-nCoV Infection "[tiab]) AND ("Celiac

Disease"[Mesh] OR "Gluten Enteropathy"[tiab] OR "Gluten Enteropathies"[tiab] OR "Gluten

Sensitive Enteropathy"[tiab] OR "Nontropical Sprue"[tiab] OR "Celiac Sprue"[tiab]). The

detailed search terms used in each database are available in S1 File.
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Study selection

The inclusion criteria were as follows: (1) Original and peer-reviewed article, (2) studies with

the adult population (>18 years old), (3) studies that report the risk of COVID-19 in CD

patients by providing the number of total included CD patients, and the number of infected

ones with COVID-19, or provide at least one outcome of COVID-19 such as hospitalization,

intensive care unit (ICU) admission, death, or outpatient treatment in CD patients. The exclu-

sion criteria were as follows: (1) reviews, short reports, letters, editorials, case reports, and con-

ference abstracts, and (2) studies exclusively on the pediatric population (<18 years old) or

pediatric majority population. We initially removed duplicate articles, then two authors (P.A.,

M.Z.) separately reviewed the titles and abstracts of the identified studies and excluded irrele-

vant studies. Full-text articles were then evaluated for potential inclusion, and the reference list

of each full-text article was also assessed for additional qualified articles. Conflicting results

were resolved via a second assessment with a third reviewer (C.J.).

Data synthesis and quality assessment

The following data for each study were collected: first author, year of study publication, loca-

tion of the study population, study design, number of total CD patients included in the study,

number of CD patients infected with COVID-19, COVID-19 diagnosis method, sex, age,

comorbid, GFD status before and during the pandemic, hospitalization, ICU admission,

death, outpatient treatment, and key findings. Two authors conducted this procedure indepen-

dently. The Newcastle-Ottawa Scale (NOS) [10] was used to assess the quality of selected stud-

ies in parallel by two reviewers (P.A., S.M.), with discrepancies resolved by a third reviewer

(M.Z.). Finally, the results of this study were structured in a qualitative synthesis.

Results

Study characteristics

We identified 509 articles for screening through our systematic research of databases

(PubMed, 75; Embase, 258; Scopus, 176;) (Fig 1). After removing duplicates and reviewing

titles and abstracts, 41 studies underwent full-text analysis. In addition, 27 studies were

excluded due to Inadequate information (n = 10), pediatric majority population (n = 6), and

unoriginal articles (n = 11). Ultimately 14 studies were included in our systematic review [11–

24]. All papers were observational studies; 12 articles assessed the risk of COVID-19 infection

in CD patients [12–17, 19–24], nine articles evaluated the outcome of COVID-19 infection in

CD patients [11, 14–18, 20, 21, 24], and eight articles provided information on CD patients

GFD status [12, 13, 15–17, 21, 22, 24] characteristics of each study is summarized in Table 1.

Quality of studies

The detailed quality assessment results of the studies are available in the S1 Table. Two studies

had excellent quality, four studies had good quality, six studies had satisfactory quality, and

two studies had unsatisfactory quality, according to NOS.

Risk of COVID-19 in CD patients

Twelve studies have mentioned the total number of CD patients included in their studies; sub-

sequently, 45411 CD patients are included in our review. Different methods, including poly-

merase chain reaction (PCR), COVID-19 antibodies, and computerized chest tomography

(CT) scans, were used to diagnose COVID-19 in the studies. Four studies did not specify the

diagnosis method of COVID-19 in their patients [13, 18, 20, 22]. Four studies reported
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symptomatic (COVID-19/flu-like symptoms) patients and did not disclose positive lab tests in

these patients [12, 17, 23, 24]. We identified 135 CD patients who were definitively diagnosed

with COVID-19 (107 patients via PCR test, 31 patients via antibody test, two patients via chest

CT scan, and 36 patients were diagnosed by two methods of diagnosis) by excluding CD popu-

lations, that did not report diagnosis based on methods mentioned above of diagnosis, 2595

CD patients were left. The pooled prevalence rate of COVID-19 infection in CD patients was

5.20%, according to our calculations; we also assessed the pooled relative risk of COVID-19

Fig 1. PRISMA flow chart diagram.

https://doi.org/10.1371/journal.pone.0285880.g001
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ö

k
d

en
.

Y
.

2
0

2
0

Is
ta

n
b

u
l,

T
u

rk
ey

O
b

se
rv

a
ti

o
n

a
l

1
0

1
2

(P
C

R
)

0
:2

(2
F

)
3

4
.5

(2
7

y
,

4
2

y
)

N
M

B
ef

o
re

:

C
o

m
p

le
te

ly
=

6
6

M
o

st
ly

=
2

5

R
a

re
ly

=
7

In
co

m
p

a
ti

b
le

=
3

D
u

ri
n

g
:

C
o

m
p

le
te

ly
=

5
9

M
o

st
ly

=
3

3

R
a

re
ly

=
6

In
co

m
p

a
ti

b
le

=
3

H
o

sp
it

a
li

za
ti

o
n

:

1 IC
U

st
a

y
:

0

D
ea

th
:

0

O
u

t-
p

a
ti

en
t:

1

N
M

S
T

A
I

sc
a

le

p
a

ti
en

ts
’

st
a

te

a
n

x
ie

ty

in
d

ex
=

4
0

.7

±7
.9

,

th
e

tr
a

it
a

n
x

ie
ty

in
d

ex
=

4
4

.5

±8
.5

,

(A
ll

p
a

ti
en

ts

w
er

e
ev

a
lu

a
te

d
a

s

m
il

d
ly

a
n

x
io

u
s)

N
ev

er
h

a
d

D
if

fi
cu

lt
y

in

G
F

P
S

u
p

p
ly

:

B
ef

o
re

=
3

6

(3
5

.6
%

),

D
u

ri
n

g
=

2
0

(1
9

.8
%

).

so
m

et
im

es
h

a
d

d
if

fi
cu

lt
y

in

G
F

P
su

p
p

ly
:

B
ef

o
re

=
4

6

(4
5

.5
%

),

D
u

ri
n

g
=

3
9

(3
8

.6
%

).

a
lw

a
y

s
h

a
d

d
if

fi
cu

lt
y

in

G
F

P
su

p
p

ly
:

B
ef

o
re

=
1

9

(1
8

.8
%

),

D
u

ri
n

g
=

4
2

(4
1

.6
%

).

Y
es

Y
es

A
l

H
a

y
ek

,
A

.

2
0

2
0

R
iy

a
d

h
,

S
a

u
d

i

A
ra

b
ia

O
b

se
rv

a
ti

o
n

a
l

(r
et

ro
sp

ec
ti

v
e)

N
M

6
(P

C
R

)
N

M
N

M
T

1
D

M
:

6
N

M
H

o
sp

it
a

li
za

ti
o

n
:

2 IC
U

st
a

y
:

N
M

D
ea

th
:

0

O
u

t-
p

a
ti

en
t:

4

N
M

N
M

N
M

N
o

Y
es

G
a

sb
a

rr
in

i,

G
.

2
0

2
1

M
u

lt
i

ce
n

te
r,

R
o

m
e,

It
a

ly

O
b

se
rv

a
ti

o
n

a
l

(r
et

ro
sp

ec
ti

v
e

co
h

o
rt

)

5
4

2
5

(P
C

R
)

N
M

N
M

N
M

N
M

H
o

sp
it

a
li

za
ti

o
n

:

0 IC
U

st
a

y
:

0

D
ea

th
:

0

O
u

t-
p

a
ti

en
t:

5

N
M

N
M

N
M

Y
es

Y
es

H
a

d
i,

Y
.

B
.

2
0

2
2

M
u

lt
i

ce
n

te
r,

U
S

A

O
b

se
rv

a
ti

o
n

a
l

(R
et

ro
sp

ec
ti

v
e

co
h

o
rt

)

N
M

9
3

0
(N

M
)

1
:3

.0
4

(2
3

0
M

,7
0

0
F

)

4
6

.5
0

±1
8

.1
0

H
T

N
:

3
2

3

C
h

ro
n

ic
lo

w
er

re
sp

ir
a

to
ry

d
is

ea
se

:
3

3
1

T
2

D
M

:
1

7
9

IH
D

:
1

0
5

B
M

I>
3

0
:

2
6

3

N
ic

o
ti

n
e

d
ep

en
d

en
ce

:
9

7

N
M

H
o

sp
it

a
li

za
ti

o
n

:

8
1

IC
U

st
a

y
:

2
4

D
ea

th
:

1
3

w
it

h
in

6
0

d
a

y
s

O
u

t-
p

a
ti

en
t:

8
4

9

N
M

N
M

N
M

N
o

Y
es

L
eb

w
o

h
l,

B
.

2
0

2
1

co
u

n
tr

y
-

w
id

e,

S
w

ed
en

O
b

se
rv

a
ti

o
n

a
l

(E
S

P
R

E
S

S
O

co
h

o
rt

)

4
0

,9
6

3
4

1
4

(N
M

)
N

M
N

M
N

M
N

M
H

o
sp

it
a

li
za

ti
o

n
:

5
8

IC
U

st
a

y
:

N
M

D
ea

th
:

2
2

(O
v

er
a

ll

m
o

rt
a

li
ty

ra
te

);

1
1

(a
m

o
n

g

h
o

sp
it

a
li

ze
d

)

O
u

t-
p

a
ti

en
t:

N
M

S
ev

er
e

C
O

V
ID

-

1
9

:
2

4

N
M

N
M

N
M

Y
es

Y
es

F
a

lc
o

m
er

,
A

.

L
.

2
0

2
1

co
u

n
tr

y
-

w
id

e,
B

ra
zi

l

O
b

se
rv

a
ti

o
n

a
l

(c
ro

ss
-s

ec
ti

o
n

)

6
7

4
4

2
(p

o
si

ti
v

e

te
st

)

N
M

N
M

N
M

D
u

ri
n

g

A
lw

a
y

s
fo

ll
o

w
=

5
9

7

N
o

t
a

lw
a

y
s

fo
ll

o
w

=
7

7

N
M

C
D

Q
q

u
es

ti
o

n
n

a
ir

e

(R
a

n
g

e,
2

8
–

1
9

6
)

m
ea

n
±

S
D

1
2

5
.2

6
±

3
2

.0
2

N
M

N
M

Y
es

N
o

(C
on

tin
ue
d)

PLOS ONE Celiac disease and COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0285880 May 16, 2023 5 / 13

https://doi.org/10.1371/journal.pone.0285880


T
a

b
le

1
.

(C
o

n
ti

n
u

ed
)

S
tu

d
y

/Y
ea

r
L

o
ca

ti
o

n
S

tu
d

y
d

es
ig

n
N

o
.

T
o

ta
l

ce
li

a
c

N
o

.
C

el
ia

c

C
O

V
ID

-1
9

+
,

A
n

d
b

a
si

s
o

f

D
x

M
a

le
/F

em
a

le
A

g
e
±

S
D

C
o

m
o

rb
id

it
y

G
F

D
a

d
h

er
en

ce
in

C
D

p
a

ti
en

ts

O
u

tc
o

m
e

h
ea

lt
h

-r
el

a
te

d
Q

u
a

li
ty

o
f

li
fe

in
C

D
p

a
ti

en
ts

(H
R

-Q
O

L
)

D
ep

re
ss

io
n

,

a
n

x
ie

ty
,

a
n

d
st

re
ss

le
v

el
s

in
C

D

p
a

ti
en

ts

F
o

o
d

in
se

cu
ri

ty
D

a
ta

R
is

k

D
a

ta

O
u

tc
o

m
e

E
ll

i,
L

.
2

0
2

1
M

il
a

n
,

It
a

ly
O

b
se

rv
a

ti
o

n
a

l

(p
ro

sp
ec

ti
v

e)

3
6

2
4

2
(C

O
V

ID
-

1
9

-l
ik

e

sy
m

p
to

m
)

1
:6

(6
M

,
3

6
F

)

4
5
±1

5
1

9
*(

A
u

to

im
m

u
n

e)

1
0
*

N
o

n
-a

d
h

er
en

t
to

a

G
F

D
a

n
d

/o
r

p
o

si
ti

v
e

u
ri

n
a

ry

G
IP

N
o

n
e

re
p

o
rt

ed

d
if

fi
cu

lt
y

a
d

h
er

in
g

to
a

G
F

D

(N
R

S
9

.7
±

0
.9

)
**
*

H
o

sp
it

a
li

za
ti

o
n

:

1 IC
U

st
a

y
:

0

D
ea

th
:

0

O
u

t-
p

a
ti

en
t:

4
1

N
M

IS
M

A
st

re
ss

q
u

es
ti

o
n

n
a

ir
e:

lo
w

p
ro

b
a

b
il

it
y

o
f

h
a

v
in

g
st

re
ss

-

re
la

te
d

il
ln

es
s

=
1

2
%

(0
–

4
)

st
re

ss
-r

el
a

te
d

p
ro

b
le

m
s

=
7

3
%

(5
–

1
3

)

h
ig

h
er

p
ro

b
a

b
il

it
y

o
f

h
a

v
in

g
st

re
ss

-

re
la

te
d

p
ro

b
le

m
s

=
1

5
%

(1
4

–
2

5
)

N
M

Y
es

N
o

2
0

(A
n

ti
-

S
A

R
S

-C
o

V
-2

Ig
):

1
6

(I
g

A
)

1
5

(I
g

G
)

1
5

(a
n

ti
R

B
D

)

1
3

(a
n

ti
N

)

1
(P

C
R

)

1
:4

(4
M

,
1

6
F

)

4
7
±1

3
2

(A
u

to
im

m
u

n
e)

G
re

co
,

N
.

2
0

2
2

R
o

m
e,

It
a

ly
O

b
se

rv
a

ti
o

n
a

l
1

9
1

1
1

p
o

si
ti

v
e

te
st

s:

9
(P

C
R

)

2
(A

n
ti

b
o

d
y

te
st

)

N
M

N
M

N
M

N
M

H
o

sp
it

a
li

za
ti

o
n

:

0 IC
U

st
a

y
:

0

D
ea

th
:

0

O
u

t-
p

a
ti

en
t:

1
1

N
M

N
M

1
9

(9
.9

%
):

h
a

d

d
if

fi
cu

lt
y

se
a

rc
h

in
g

fo
r

sp
ec

if
ic

fo
o

d

1
1

(5
.8

%
):

h
a

d

d
if

fi
cu

lt
y

m
a

n
a

g
in

g
d

ie
t

Y
es

Y
es

L
i,

J.
2

0
2

2
U

K
O

b
se

rv
a

ti
o

n
a

l

(U
K

B
io

b
a

n
k

co
h

o
rt

)

5
3

5
7

4
(P

C
R

)
N

M
N

M
N

M
N

M
S

ev
er

e
C

O
V

ID
-

1
9

:
3

N
o

n
-s

ev
er

e

C
O

V
ID

-1
9

:
7

1

N
M

N
M

N
M

Y
es

Y
es

S
ch

ie
p

a
tt

i,

A
.

2
0

2
1

P
a

v
ia

,
It

a
ly

O
b

se
rv

a
ti

o
n

a
l

(c
o

h
o

rt
)

3
2

4
9

p
o

si
ti

v
e

te
st

s

5
(P

C
R

)
6

(S
er

o
lo

g
y

)

1
:3

.5

(2
M

,
7

F
)

3
5
±1

2
B

re
a

st
ca

n
ce

r:
1

E
p

il
ep

sy
:

1

B
ro

n
ch

ia
l

a
st

h
m

a
:

1

S
m

o
k

e:
1

D
u

ri
n

g

A
d

h
er

en
t

to

G
F

D
=

3
0

6

N
o

n
-a

d
h

er
en

t
to

G
F

D
=

1
0

N
o

t
a

v
a

il
a

b
le

=
8

H
o

sp
it

a
li

za
ti

o
n

:

0 IC
U

st
a

y
:

0

D
ea

th
:

0

O
u

t-
p

a
ti

en
t:

9

N
M

N
M

N
M

Y
es

Y
es

4
4

(C
O

V
ID

-

1
9

-l
ik

e

sy
m

p
to

m
s)

1
:3

(1
1

M
,

3
3

F
)

4
1
±1

7
N

M
N

M

Ib
se

n
,

J.
H

.

2
0

2
2

O
sl

o
,

N
o

rw
a

y

O
b

se
rv

a
ti

o
n

a
l

(C
a

se
-c

o
n

tr
o

l)

8
5

3
(A

b
>

1
0

B
A

U
/m

l
P

re
-

v
a

cc
in

a
ti

o
n

)

N
M

N
M

N
M

N
M

N
M

N
M

N
M

N
M

Y
es

N
o

M
eh

ta
b

,
W

.

2
0

2
1

co
u

n
tr

y
-

w
id

e,
In

d
ia

O
b

se
rv

a
ti

o
n

a
l

5
0

5
2

5
(N

M
)

N
M

N
M

N
M

B
ef

o
re

:

(M
ea

n

C
D

A
T

=
1

2
.0

8

±3
.3

)

G
o

o
d

=
2

9
6

(5
8

.6
%

)

(C
D

A
T

sc
o

re
<

1
3

)

A
v

er
a

g
e

=
1

7
5

(3
4

.6
%

)

(C
D

A
T

sc
o

re
1

3
–

1
7

)

P
o

o
r

=
3

4
(6

.7
%

)

(C
D

A
T

sc
o

re
>

1
7

)

D
u

ri
n

g
:

(M
ea

n

C
D

A
T

=
1

2
.3

7

±3
.6

)

G
o

o
d

=
2

6
3

(5
2

.1
%

)

(C
D

A
T

sc
o

re
<

1
3

)

A
v

er
a

g
e

=
1

7
8

(3
5

.2
%

)

(C
D

A
T

sc
o

re
1

3
–

1
7

)

P
o

o
r

=
6

4
(1

2
.6

%
)

(C
D

A
T

sc
o

re
>

1
7

)

N
M

m
ed

ia
n

C
D

-Q
O

L

sc
o

re
o

f
p

a
ti

en
ts

d
u

ri
n

g

lo
ck

d
o

w
n

=
5

6

(R
a

n
g

e:
2

0
–

9
3

)

N
M

h
ea

v
y

d
el

iv
er

y

ch
a

rg
es

fo
r

g
et

ti
n

g
G

F
P

a
t

h
o

m
e

=

2
6

5
(5

2
.4

%
)

lo
n

g
d

is
ta

n
ce

to

p
ro

cu
re

G
F

P
=

2
2

7
(4

4
.9

%
)

n
o

tr
a

n
sp

o
rt

a
v

a
il

a
b

le
to

g
et

G
F

P
=

1
1

2

(2
2

.1
%

)

In
cr

ea
se

d

p
ri

ce
s

o
f

G
F

P
=

2
1

8

(4
3

.1
%

)

sh
o

rt
a

g
e

o
f

m
o

n
ey

to
b

u
y

G
F

P
=

1
0

5

(2
0

.7
%

)

sh
o

rt
a

g
e

o
f

g
ra

in
s

=
1

4
1

(2
7

.9
%

)

d
is

ru
p

te
d

co
u

ri
er

se
rv

ic
es

=
2

5

(4
.9

%
)

Y
es

N
o

(C
on

tin
ue
d)

PLOS ONE Celiac disease and COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0285880 May 16, 2023 6 / 13

https://doi.org/10.1371/journal.pone.0285880


T
a

b
le

1
.

(C
o

n
ti

n
u

ed
)

S
tu

d
y

/Y
ea

r
L

o
ca

ti
o

n
S

tu
d

y
d

es
ig

n
N

o
.

T
o

ta
l

ce
li

a
c

N
o

.
C

el
ia

c

C
O

V
ID

-1
9

+
,

A
n

d
b

a
si

s
o

f

D
x

M
a

le
/F

em
a

le
A

g
e
±

S
D

C
o

m
o

rb
id

it
y

G
F

D
a

d
h

er
en

ce
in

C
D

p
a

ti
en

ts

O
u

tc
o

m
e

h
ea

lt
h

-r
el

a
te

d
Q

u
a

li
ty

o
f

li
fe

in
C

D
p

a
ti

en
ts

(H
R

-Q
O

L
)

D
ep

re
ss

io
n

,

a
n

x
ie

ty
,

a
n

d
st

re
ss

le
v

el
s

in
C

D

p
a

ti
en

ts

F
o

o
d

in
se

cu
ri

ty
D

a
ta

R
is

k

D
a

ta

O
u

tc
o

m
e

G
h

o
la

m
-

M
o

st
a

fa
ei

,
F

.

S
.

2
0

2
2

T
eh

ra
n

,

Ir
a

n

O
b

se
rv

a
ti

o
n

a
l

(c
ro

ss
-s

ec
ti

o
n

)

4
5

5
1

1
(P

C
R

)
o

r

2
(C

T
sc

a
n

)

1
:2

.6
6

(3
M

,
8

F
)

N
M

(O
v

er
w

ei
g

h
t:

2

O
b

es
e:

1

B
M

I
>

2
5

:
4

)
*

S
m

o
k

e:
1

T
2

D
M

:
2

C
a

rd
io

v
a

sc
u

la
r

d
is

ea
se

:
1

T
h

y
ro

id

d
y

sf
u

n
ct

io
n

:
1

L
iv

er
d

is
o

rd
er

:
1

N
eu

ro
lo

g
ic

a
l

d
is

o
rd

er
:

1
**

N
M

H
o

sp
it

a
li

za
ti

o
n

:

1 IC
U

st
a

y
:

0

D
ea

th
:

0

O
u

t-
p

a
ti

en
t:

1
0

N
M

N
M

N
M

Y
es

Y
es

M
ö
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infection acquisition in CD patients compared to the general population using the data pro-

vided by the world health organization (WHO) [25]. The pooled relative risk was 0.63 (95%

CI, 0.54–0.75). The total number of CD patients reported to be infected by COVID-19, regard-

less of the method of diagnosis (some patients only had COVID-19 symptoms), was 705 out of

45411 CD patients included in this review. The pooled prevalence rate of COVID-19 infection

in CD patients was 1.55%, and the pooled relative risk of COVID-19 infection acquisition was

0.19 (95% CI, 0.17–0.20).

Sex, age, and comorbidities of CD patients infected with COVID-19

The total number of COVID-19-infected CD patients (symptomatic/laboratory confirmed) in

14 studies was 1641 patients; five studies have mentioned patients’ gender, 802 (48.87%)

patients were females, 256 (15.60%) were males, and gender of 583 (35.52%) patients were not

mentioned [12, 15, 16, 18, 24]. Four studies mentioned patients’ age; the mean age ranged

from 34 to 47 years [12, 16, 18, 24]. Two studies separately reported the mean age of the labora-

tory-confirmed and symptom-only groups [12, 24]. Five studies reported the comorbidities of

COVID-19-infected patients [11, 12, 15, 18, 24]. We spotted 1340 comorbidities in these stud-

ies, and they were as follows: type 1 diabetes mellitus (6(0.44%)), hypertension(323(24.10%)),

chronic lower respiratory disease(331(24.70%)), type 2 diabetes mellitus (181(13.50%)), ische-

mic heart disease (105(7.83%)), overweight/obese (267(19.92%)), nicotine dependence/smok-

ing (99(7.38%)), autoimmune diseases (21(1.56%)), breast cancer (1(0.07%)), epilepsy(1

(0.07%)), asthma(1(0.07%)), cardiovascular disease(1(0.07%)), thyroid dysfunction (1(0.07%)),

liver disorder (1(0.07%)), and neurological disorder (1(0.07%)); some patients may have more

than one comorbidity.

Outcomes of CD patients infected with COVID-19

Ten studies reported outcomes of CD patients infected with COVID-19 [11, 12, 14–18, 20, 21,

24]. One study reported outcomes of the symptomatic-only group (12), and another reported

outcomes of PCR-confirmed patients [24]. Nine hospitalized patients were reported in 9 stud-

ies [11, 12, 14–18, 20, 24]; out of 1430 patients, 144 (10.06%) were hospitalized. Seven studies

stated the number of intensive care unit (ICU) admitted patients; Hadi et al. reported that 24

(2.58%) patients out of 930 patients recruited in their study needed ICU admission; other stud-

ies reported that none of the study patients were admitted to ICU [12, 14–18, 24]. Nine studies

provide information on whether CD patients lost their lives due to COVID-19 or not; Hadi

et al. reported that, In the 30-day and 60-day periods after COVID-19 infection, 12 and 13

deaths, respectively, occurred in CD patients, Lebwohl et al. reported that the overall mortality

rate in CD patients was 5.3%, and 11 patients died after hospitalization; other studies reported

no deaths as the result of COVID-19 [11, 12, 14–18, 20, 24]. Eight studies provided data on

out-patient treatment; 930 (91.53%) patients received out-patient treatment out of 1016 [11,

12, 14–18, 24]. Additionally, two studies reported outcomes in terms of severe and non-severe

COVID-19 infected groups; severely infected was defined as COVID-19-related death and

ICU admission. Li et al. found 3 (4.05%) patients were in the severely infected COVID-19

group, and 71 (95.94%) patients were in the non-severe group; in Lebwohl et al. study, 24

(5.79%) patients were severely infected by COVID-19 [20, 21].

GFD adherence in CD patients before and during the pandemic

Six studies provided data on the GFD adherence status of CD patients before or during the

pandemic [12, 13, 16, 22–24]. Three articles presented data comparing GFD adherence in CD

patients before and during the pandemic [16, 22, 23]. Gökden et al. found that before the
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pandemic, 66 (65.34%) patients adhered to GFD completely, 25 (24.75%) patients mostly

stuck, 7 (6.93%) patients rarely attached, and 3 (2.97%) patients were incompatible; the results

during the pandemic were as follows respectively: 59 (58.41%), 33 (32.67%), 6 (5.94%), 3

(2.97%) [16]. Other two studies used the CD adherence test (CDAT) to compare adherence to

GFD before and during the pandemic; Mehtab et al. found before the pandemic, 296 (58.6%)

patients had a good GFD compliance (CDAT score< 13), 175 (34.6%) patients had average

GFD compliance (CDAT score 13–17), and 34 (6.7%) patients had poor GFD compliance

(CDAT score >17); during the pandemic 263 (52.1%) patient had a good GFD compliance

(CDAT score < 13), 178 (35.2%) patients had average GFD compliance (CDAT score 13–17),

and 64(12.6%) patients had poor GFD compliance (CDAT score>17) [22]. Möller et al. found

that before the pandemic, 648 (63.3%) patients had adequate adherence (CDAT score < 13),

and 375 (36.7%) patients had inadequate adherence (CDAT score� 13). During the pan-

demic, 453 (67.2%) patients had adequate compliance (CDAT score < 13), and 221 (32.8%)

patients had inadequate adherence (CDAT score� 13) [23]. The other three studies only

reported GFD adherence during the pandemic [12, 13, 24]. Out of 674 patients recruited in the

Falcomer et al. study during the pandemic, 597 (88.57%) patients always followed GFD, and

77 (11.42%) patients did not always follow GFD; in the Schiepatti et al. study, out of 324

patients 306 (94.44%) adhered to GFD during the pandemic, 10 (3.08%) patients did not

adhere to GFD, and data was unavailable in 8 (2.46%) patients [13, 24]. Elli et al. stated that

none of the included patients reported difficulty adhering to GFD, and 10 (2.76%) patients

were non-adherent to GFD, or gluten immunogenic peptides (GIP) were detectable in their

samples [12].

Health-related quality of life (HR-QOL) in CD patients

Falcomer et al. used the celiac disease quality of life questionnaire (CDQ) to assess the QOL of

CD patients during the pandemic; the questionnaire comprises four subgroups, including

emotion, social, worries, and gastrointestinal; it ranges from 28 to 196. The mean

score ± standard deviation among their population study was 125.26 ± 32.02; a higher score

means better QOL; they found highly educated patients had better QOL, and no significant

difference was seen in QOL between patients infected by COVID-19 or not infected by it [13].

Mehtab et al. used CD-related quality of life (CD-QOL) questionnaire; it comprises four sub-

scales, namely limitations, dysphoria, health concerns, and inadequate treatment; it ranges

between 20–93. The median score of their study population was 56; they reported that approxi-

mately 45% of patients had high CD-QOL scores [22]. Lastly, Möller et al. used the EURO-

HIS-QOL questionnaire before and during the pandemic to assess changes in the QOL of CD

patients ranging between 8 to 40. The mean score ± standard deviation before the pandemic

was 32.35 ± 5.34, and during the pandemic was 32.70 ± 5.06 [23, 26].

Depression, anxiety, and stress levels in CD patients

Gökden et al. used the State-trait Anxiety Inventory (STAI) scale to evaluate state anxiety and

trait anxiety levels in CD patients during the pandemic; it ranges from 20 to 80, and higher

scores are associated with higher levels of stress; patients’ mean ± SD state anxiety score was

40.7 ± 7.9, and their mean ± SD trait anxiety score was 44.5 ± 8.5; authors also reported that all

patients were evaluated as mildly anxious [16, 27]. Elli et al. used the International Stress Man-

agement Association (ISMA) Stress questionnaire to assess the stress levels of CD patients, it

ranges from 0 to 25, and higher scores are correlated with higher stress levels; 12% of patients

had a low probability of having a stress-related illness (scored, 0–4), 73% had stress-related

problems (achieved, 5–13), and 15% had a higher probability of having stress-related problems
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(scored, 14–25) [12]. Möller et al. used depression anxiety stress scale-21 (DASS21) to estimate

psychological distress in CD patients before and during the pandemic, it ranges from 0 to 126,

and higher scores demonstrate higher levels of psychological distress; before the pandemic, the

mean ± SD was 18.95 ± 18.35, and during the pandemic was 18.07 ± 17.53 [23, 28].

Food insecurity in CD patients before and during the pandemic

Gökden et al. compared gluten-free products (GFP) supply difficulties before and during the

pandemic; before the pandemic, 36 (35.6%) patients never had trouble with GFP supply, 46

(45.5%) sometimes had difficulty in GFP supply, and 19 (18.8%) always had a problem in GFP

supply; during the pandemic, 20 (19.8%) patients never had difficulty in GFP supply, 39

(38.6%) sometimes had difficulty in GFP supply, and 42 (41.6%) always had difficulty in GFP

supply [16]. Greco et al. also provided some information on GFP supply difficulties and

reported 19 (9.9%) patients had difficulty searching for specific food; additionally, 11 (5.8%)

patients had difficulty managing their diet [17]. Mehtab et al. indicated main GFP supply diffi-

culties during lockdowns, 265 (52.4%) patients faced serious delivery charges for getting GFP

at home, 227 (44.9%) complained about the long distance to procure GFP, 112 (22.1%) com-

plained that there was no available transportation to get GFP, 218 (43.1%) criticized increased

prices of GFP, 105 (20.7%) faced a shortage of money with buying GFP, 141 (27.9%) faced a

shortage of grains, and 25 (4.9%) criticized disrupted courier services [22].

Discussion

In this systematic review, we included 14 original articles with adult majority populations; risk

and outcome of COVID-19 in CD in patients, patient characteristics, GFD adherence before

and during the pandemic, HR-QOL, depression, anxiety, stress levels, GFP availability, and

food insecurity was discussed. Whenever authors provided pre-pandemic and mid-pandemic

data, we compared the results to have a holistic view of the impact of the pandemic. Our find-

ings suggest that CD patients are at lower risk of COVID-19 infection acquisition, the relative

risk using laboratory-confirmed patient’s subgroup was 0.63 (95% CI, 0.54–0.75), and it was

0.19 (95% CI, 0.17–0.20) when we used all patient’s data regardless the diagnosis method. Nor-

mally, the relative risk of disease should be higher when symptomatic-only patients are

included; in our calculations, it was quite the opposite, which suggests accumulated misdiag-

nosis through articles reporting other methods of diagnosis rather than definite ones. CD

patients may experience more subclinical forms of COVID-19 infection, which can justify

their lower relative risk. To the best of our knowledge, this hypothesis has not been tested. Sev-

eral factors may play a role in lower COVID-19 infection acquisition rates of CD patients than

the general population [25]. Generally, the incidence rate of CD in women is two times more

than in men [29]. Still, in our study, female CD patients were three times more likely to be

infected by COVID-19 than male CD patients, which makes the female gender a predisposing

factor to COVID-19 in CD patients. Fifteen different comorbidities were mentioned in the

included studies; the top three most common ones (chronic lower respiratory diseases, hyper-

tension, obesity) account for roughly 70% of the comorbidities, suggesting that CD patients

with mentioned comorbidities may be at higher risk for COVID-19 infection acquisition. We

recommend CD patients with these comorbidities take extra caution during the pandemic. In

order to justify the lower risk of COVID-19 acquisition in CD patients, two main factors can

play a role: environmental and genetic factors. CD patients may follow protective measures

against COVID-19 more commonly, for instance, due to visiting their doctors frequently and

having a better patient-centered care or because of the concern of being more susceptible to

the COVID-19 infection. CD is an autoimmune disease with a robust genetic background;
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almost all CD patients carry one of two human leukocyte antigens (HLA-DQ2 or DQ-8) [5].

The role of HLA molecules in the susceptibility and severity of viral infections has been investi-

gated before; HLA-DQ2 or DQ-8 may have a protective effect against the SARS-CoV-2 virus;

Tavasolian et al. investigated the association between genetic susceptibilities and immune

response to the novel coronavirus infection and found that the COVID-19 infection demo-

graphic may be related to HLA profiles of the region [17, 30]. Langton et al. investigated the

association between the HLA genotype and the severity of COVID-19 infection. They found

that HLA-DRB1*04:01 is significantly more frequent in severe COVID-19 patients compared

to the asymptomatic staff group; they found thatHLA-DQA1*01:01, HLA-DQB1*05:01, and

HLA-DRB1*01:01 are less frequent in the asymptomatic group compared to the background

population [31]. Almost 10% of infected patients were hospitalized, and 90% did not need hos-

pitalization. Although Gökden et al. compared of GFP accessibility before and during the pan-

demic showed patients had more difficulty accessing GFPs, other studies showed that GFD

adherence did not change drastically during the pandemic [16, 22, 23]. Articles reported con-

tradictory data on depression, anxiety, and stress levels, but all concluded that CD patients

maintained a good HR-QOL during the pandemic [12, 13, 16, 22, 23]. As the end, COVID-19

pandemic looms, and the endemic phase of the disease begins [32], the necessity of under-

standing the risks and outcomes of COVID-19 and CD co-presence when exposure to

COVID-19 is in childhood becomes clearer. According to our latest information, this is the

first systematic review that evaluates the impact of the pandemic on CD patients. We evaluated

different domains with regard to CD patients in the pandemic era to have a holistic view of the

situation of CD patients during the COVID-19 pandemic; we created two subgroups to calcu-

late the relative risk of COVID-19 acquisition and to achieve strong causal evidence of the sub-

ject we excluded short reports, letters, editorials, case reports, and conference abstracts, 45411

CD patients were included in our study, which has not been done before on this subject. We

faced several limitations in conducting this systematic review; firstly, all studies were observa-

tional studies, none were a randomized clinical trial, many used questionnaires, and were

done through social media or telephone; these study designs are not among the best designs,

through our quality assessment process we found that almost half of the studies’ total quality

was satisfactory. Second, excluding one or two studies, others had small sample sizes, and the

data on COVID-19-infected patients were not reported properly. We found conflicting data in

the two included studies. Third, we excluded case reports and studies that only reported a sin-

gle patient due to insufficient convincing results and their excessive number. Fourth, we

excluded studies with pediatric-only or pediatric majority populations because of different

manifestations of both CD and COVID-19 in children; we believe that a different systematic

review is needed for pediatric populations. In conclusion risk of COVID-19 infection is lower

in CD patients than in the general population, females were more likely to be infected by

COVID-19, and the most common comorbidity in infected patients was a chronic lower respi-

ratory disease; around 10% of infected patients needed hospitalization, GFD adherence, and

HR-QOL was more or less the same before and during the pandemic, depression, anxiety, and

stress levels of patients varied among studies. Patients had more difficulties accessing GFPs

based on limited data.
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16. Gökden Y, Hot S, Adas M, Koç Öğütmen D, Atak S, Hot AB. Celiac disease and COVID-19 pandemic:

should we worry?. Acta gastro-enterologica Belgica. 2020. PMID: 33321006

17. Greco N, Meacci A, Mora B, Vestri A, Picarelli A. Coeliac disease in the COVID-19 pandemic: does

HLA have a protective effect?. Annals of Medicine. 2022 Dec 31; 54(1):617–21. https://doi.org/10.1080/

07853890.2022.2039955 PMID: 35175152

18. Hadi YB, Sohail AH, Lakhani DA, Naqvi SF, Kupec JT, Pervez A. Outcomes of SARS-CoV-2 infection

in patients with celiac disease: a multicenter research network study. Annals of gastroenterology. 2022

Mar; 35(2):164. https://doi.org/10.20524/aog.2022.0691 PMID: 35479592

19. Ibsen JH, Chopra A, Vaage EB, Vaage JT, Lund-Johansen F, Lundin KE. Immune responses to SARS-

CoV-2 vaccines in celiac disease. Scandinavian Journal of Gastroenterology. 2022 Aug 30:1–6. https://

doi.org/10.1080/00365521.2022.2114809 PMID: 36049123
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